Abstract Male partner involvement has the potential to increase uptake of interventions to prevent mother-to-child transmission of HIV (PMTCT). Finding cultural appropriate strategies to promote male partner involvement in PMTCT programs remains an abiding public health challenge. We assessed whether a congregation-based intervention, the Healthy Beginning Initiative (HBI), would lead to increased uptake of HIV testing among male partners of pregnant women during pregnancy. A cluster-randomized controlled trial of forty churches in Southeastern Nigeria randomly assigned to either the HBI (intervention group; IG) or standard of care referral to a health facility (control group; CG) was conducted. Participants in the IG received education and were offered onsite HIV testing. Overall, 2498 male partners enrolled and participated, a participation rate of 88.9%. Results showed that male partners in the IG were 12 times more likely to have had an HIV test compared to male partners of pregnant women in the CG (CG = 37.71% vs. IG = 84.00%; adjusted odds ratio = 11.9; p \ .01). Culturally appropriate and community-based interventions can be effective in increasing HIV testing and counseling among male partners of pregnant women.
Introduction
Research studies have shown that male involvement has a tremendous impact on women's sexual and reproductive health. Male partner involvement has been shown to increase uptake of interventions designed for prevention of mother-to-child HIV transmission (PMTCT) and is associated with decreased infant HIV infection and increased HIV free survival among infants [1] [2] [3] [4] . Male partner involvement is necessary to successfully implement the four-pronged comprehensive approach to HIV prevention advocated by the United Nations, which includes primary HIV prevention, supportive counseling for planned pregnancy for women living with HIV, access to antiretroviral therapy for the purpose of preventing mother-to-child transmission (MTCT) of HIV, and ongoing HIV care and support for HIV infected mothers and their infants, partners and families [5] . Couple HIV testing and counseling (HTC) remains an important entry point for male partner engagement in most forms of HIV prevention and care. Despite the promising findings of reduced MTCT with male partner involvement in antenatal care and the desire by women for their male partners' participation, men's involvement in antenatal care and uptake of HTC remains low in sub-Saharan Africa (SSA) [4, [6] [7] [8] [9] .
Rates of male partners attending at least one antenatal care visit have ranged from 1.8 to 32% in SSA and barriers to male partner participation in antenatal care and HIV testing have been identified at the individual, community, and health system levels [1, 4, 6, 7, [10] [11] [12] . Lack of awareness about HIV, a perception of low personal risk, mistrust between married couples, and fear of knowing one's status are all identified barriers to men's uptake of HIV testing and engagement in PMTCT [2, 6, [13] [14] [15] . Some of the community barriers in SSA are socio-cultural in nature and include gender norms that disapprove of male partners engaging in antenatal activities. This deep seated perception that antenatal activities are a woman's responsibility has limited the role of male partners to only providing financial support during pregnancy [8, [12] [13] [14] [16] [17] [18] . Health system barriers include poor attitudes of service providers and the timing of antenatal services during work hours which makes it inconvenient for male partner participation [12, 13, 16, 17, [19] [20] [21] [22] [23] [24] [25] [26] .
Male partner approval is highly correlated with a woman's use of HIV testing services [27] [28] [29] . Recent research in SSA has documented several effective interventions to promote male partner involvement, including such interventions as direct invitation to attend antenatal care-based HIV testing with their pregnant partners, offering HIV testing in bars, sending notification to partners of newly diagnosed HIV-positive women, mobile testing, and home-based testing [7, 9, 16, 20, [30] [31] [32] [33] [34] [35] . The most successful interventions are those that use a combination of approaches that shift the burden of engaging the male partner from the woman to the community [36] .
Nigeria has the highest burden of HIV infection in SSA. At the time of study implementation in 2013, Nigeria alone accounted for 17% of the estimated 1.3 million new HIV infections that occurred in SSA, including 26% of all new childhood infections that occurred among the 22 Global Plan priority countries [37] . Although 70% of men in Nigeria knew where to get an HIV test, only 10% had been tested for HIV and received the results in the past 12 months, and this rate was consistently lower in hard-toreach rural communities compared to urban areas [38] .
Nigeria has extensive networks of faith-based institutions, and faith plays a significant role in the social life of Nigerians [39] . In Southeastern Nigeria, the population is predominantly Christian (Catholic and Anglican) with church attendance nearing 90% [39] . Building on this foundation, we developed the Healthy Beginning Initiative (HBI), a culturally adapted, family-centered approach that relies on the widely distributed church-based networks to promote individual testing, tracking and linkage to care [40] . HBI was designed to remove many of the barriers to male partner testing and participation in antenatal care. The intervention provides male partners with (1) community encouragement to participate in antenatal care, (2) education about the antenatal risk of HIV, (3) integrated testing to reduce stigma, (4) testing at convenient locations and (5) free testing to reduce the economic burden of testing. HBI has been found to be effective for HIV testing and linkage to care for pregnant women and exposed infants [41, 42] . This paper reports the results of HBI on HIV testing among male partners of pregnant women during pregnancy, prior to delivery. We hypothesized that male partners of pregnant women randomized to the intervention group (IG) of HBI would have a higher rate of HIV testing compared to those randomized to the standard of care control group (CG).
Methods Study Design, Church Recruitment and Randomization
A two-arm cluster randomized design was used to evaluate the effect of HBI on the rate of HIV testing among male partners of pregnant women. A detailed research protocol, church selection and sample size calculations for this study has been published elsewhere [40, 41] . In summary, a total of 40 churches in 40 communities in Enugu State, Southeast Nigeria, were randomly assigned 1:1 to either the IG (N = 20 churches) or CG (N = 20 churches). Self-identified pregnant women and their male partners 18 years and older who attended any of the study sites were eligible to participate. Participants in churches randomized to IG received health education and were offered an HIV test as part of an integrated, on-site laboratory test (hemoglobin, malaria, syphilis, HIV, sickle cell genotype, hepatitis B) during church organized baby showers prior to delivery. Participants in churches randomized to the CG were referred for HIV testing at their nearest healthcare facility, as is standard of care, during the church organized baby showers. The study was approved by the Institutional Review Board of the University of Nevada, Reno, and the Nigerian National Health Research Ethics Committee.
Recruitment of Participants and Description of the Intervention
Recruitment began following randomization of the churches. Each Sunday, the priest (Catholic and Anglican) asked pregnant women and their male partners in the congregation to approach the altar for a prayer. He prayed for a healthy pregnancy, successful delivery, and encouraged pregnant women to seek care at a health facility during their pregnancy. He introduced HBI, the study team, and described the program's objectives. The intervention included education about healthy pregnancy and integrated testing (hemoglobin, malaria, sickle cell genotype, HIV, hepatitis B, and syphilis), which reduced the concerns about stigma associated with HIV for participant recruitment. Pregnant women who consented could participate in the study even when the male partner was unavailable or chose not to participate. The baby showers and baby receptions were held at the churches and on Sunday to enhance participation, particularly of the male partners who worked during the week.
Baby Shower (Before Infant Birth)
A baby shower was conducted one Sunday each month for pregnant women and their families and was similar for the CG and the IG with the exception of the intervention. Both groups received refreshments and participated in a gift exchange. During the baby shower, pregnant women and their male partners in the CG were referred to a local health facility for antenatal care and free HIV testing. The research team maintained direct contact with health facilities to confirm HIV testing and PMTCT completion.
The intervention received by the IG included an educational game show (The Game of Love) which provided information about healthy pregnancy habits in addition to HIV acquisition modes, and effective PMTCT interventions. Participants discussed healthy habits and important laboratory tests during pregnancy. Additionally, during The Game of Love, the male partner was asked to show a sign of love to his partner. The acts that the male partners chose to perform included feeding, carrying, kissing, and dancing. During the educational program, there was a connection made between performing an act of love and participating in integrated testing with their partner. Free integrated laboratory tests (hemoglobin, malaria, sickle cell genotype, HIV, hepatitis B, and syphilis) were offered to pregnant women and their male partners during the baby shower. During the development of the intervention, male partners were asked which tests should be integrated into the test offered along with HIV. Male partners wanted hemoglobin test included because they felt having a high hemoglobin level was a sign of strength. We included this test to increase motivation for male testing and participation. Additionally, the integrated testing was designed to reduce stigma associated with HIV-only testing. Women and their male partners identified as HIV-infected were linked to Prevention, Education, Treatment, Training and Research-Global Solutions (PeTR-GS), a President's Emergency Plan for AIDS Relief (PEPFAR) supported, comprehensive program for HIV care. All counseling and follow-up HIV care took place at PeTR-GS facilities.
Baby Reception (After Infant Birth)
One Sunday every two to three months, a baby reception was held for new births in the Church. The baby reception was attended by participants in both the CG and IG. Baby gifts and refreshments were provided, and participants completed a post-delivery questionnaire that offered an opportunity to ascertain and document HIV testing during pregnancy and pregnancy outcomes in addition to gather data used in the analysis. It also provided an opportunity for follow-up with women and their male partners who needed ongoing care post-delivery. Women and their male partners in the control group were offered free integrated HIV testing at the baby reception post-delivery.
Assessment and Outcome Measures
The outcome measure was verified completed HIV testing for male partners of the pregnant women during pregnancy. Follow-up was conducted during the baby reception where post-delivery questionnaires were administered by the HT. The questionnaires were used to ascertain HIV testing during pregnancy in addition to gather data to identify AIDS Behav (2017) 21:587-596 589 predictors of HIV testing. Male-partners were asked to selfreport HIV testing. Self-reported HIV tests were confirmed through the integrated laboratory at churches randomized to IG. Self-reported HIV tests in churches randomized to CG were confirmed at the health facility where the HIV tests reportedly took place. Only verified tests were used for analyses, and if we could not verify a test, it was considered as HIV-non-tested.
Statistical Analysis
There were two important sample estimates for the study. First is N, the number of pregnant women and K, the number of churches, with the pregnant women nested within the K churches. A detailed sample size calculation and analysis plan has been described previously [40] . Our hypothesis test was for differences in two binomial proportions at follow-up. We applied the concept of Intentionto-Treat Analysis (ITT) for data analyses where we included all randomized subjects in the groups to which they were randomly assigned regardless of subsequent withdrawal from the program or deviation from the protocol. We included all subjects for part of the analysis and participants' previous HIV test was treated as ITT stratagem of ''last-observation-carried-forward'' in order to reduce the effect of withdrawal. The v 2 statistic was used to assess differences in HIV-Test proportions. The Student's t test was used to assess differences in continuous data. Multiple logistic regression was also used to analyze the binomial variable of HIV-tested and HIV-non-tested. Multiple logistic regression allowed for the incorporation of covariates and confounders at the individual level (age, education level, and previous HIV testing). Adjusted odds ratios (aORs) between HIV-tested and HIV-non-tested men were obtained by controlling the previously mentioned covariates and potential confounding factors. All above 
Results
Enrollment began in January, 2013 and was completed in September, 2013. Follow-up of enrolled participants ended in August, 2014. Of the 3047 women enrolled in HBI, 2809 were married or partnered from which 2498 males were enrolled and participated across 40 churches, a participation rate of 88.9%. Throughout the study a total of 75 participants were lost to follow-up (IG n = 50, CG n = 25) and did not complete the post-delivery follow-up questionnaire (See Fig. 1) . Table 1 shows the demographic characteristics of the male partners who participated in the study. In general, participants in both control and intervention groups had similar demographic characteristics, including age, family size, and distance to the nearest health facility. However, some characteristics were significantly different. For example, participants in the control group were more likely to have tertiary level education (v 2 = 11.82, p = .003), more likely to have full time employment (v 2 = 6.5, p = .038), more likely to reside in urban areas (v 2 = 37.64, p \ .001), and more likely to have previously tested for HIV (v 2 = 27.14, p \ .001). We controlled for significant differences in subsequent analyses. Table 2 shows differences in rates of HIV testing and other related factors between control and intervention groups. Verified HIV testing rate among male partners were significantly higher in IG (84.00%) compared to CG (37.71%) (v 2 = 564.48, p \ .001). Only self-reported previous HIV testing was significantly associated with higher HIV testing rates, indicating that men who previously had HIV testing were more likely to engage in HIV testing during this intervention (63.45 vs. 59.09%, p = .038). Table 3 shows the adjusted odds ratios after controlling for demographic factors and other potential predictors for not having an HIV test among male partners of pregnant women. Male partners in intervention group were 12 times more likely to have a confirmed HIV test compared to male partners in control group after controlling for age, education, employment, area of residence, household size and a history of previous HIV testing (AOR: 11.67, 95% CI 9.4-14.4; p \ .001). Having a tertiary school education and self-reported previous HIV testing were significantly associated with having an HIV test.
Demographic Characteristics

HIV Testing Among Male Partners
Adjusted Odds Ratio for Not Getting HIV Test Among Male Partners
Discussion
Findings from this study demonstrated that the intervention (i.e., culturally appropriate, congregation-based provision of education and onsite HIV testing to male partners of pregnant women during church organized baby showers for pregnant women) was more effective than standard care (i.e., referral to health facility to obtain education and HIV test), even though the male partners in the control group were exposed to part of the intervention which included a baby shower and reception. Male partners of pregnant women enrolled in the intervention group were 12 times more likely to have tested for HIV compared to male partners of pregnant women in the control group.
Exclusion of male partners during PMTCT programs reinforces the cultural notion that antenatal care and HIV/ AIDS prevention are primarily a problem for women, and that responsibility for preventing transmission of HIV to their unborn babies is women's sole responsibility. Nigeria is one of the 22 Global Plan priority countries that account for 90% of pregnant women living with HIV [37, 38, 43] . Despite improved efforts dedicated to the PMTCT, less than 20% of pregnant women in Nigeria were tested for HIV in 2013, only 27% of HIV-infected pregnant women received antiretroviral (ARV) therapy; and only 12% of HIV exposed infants received ARV prophylaxis for PMTCT [43] [44] [45] . The low rates of testing and treatment in Nigeria contributed to an estimated 58,000 HIV-infected infants in 2014 [44] . Finding new approaches to promote male partner involvement are necessary to realize the WHO/PEPFAR goal of eliminating new pediatric HIV infections [5] .
Findings from this study support the existing body of evidence which shows that community-based programs to increase uptake of HTC are effective [6, 7, 16, 35, 36, 46] . Our intervention saw a male participation rate (88.9%) which outpaced other interventions to increase male participation in antenatal care in SSA that range between 16 and 35% [7, 16, 34] . Additionally, the rate of HIV testing among males was higher in both our IG (86.4%) and CG (38.2%) compared to the overall rate of HIV testing among males in Nigeria (23%) [47] . We believe the effectiveness of this intervention resulted mostly from its ability to address several individual, community, and health systems barriers that limit the involvement of male partners in antenatal care [6, 12, 14, 17, 47] . In cultures where programs associated with pregnancy and childbirth are traditionally regarded as women-only programs, male partners are unlikely to attend. To overcome this barrier, we involved male partners during the development of the intervention. Their suggestions during program development were critical to the success of the intervention. In a marked departure from most current practices, we implemented an approach that: (a) integrated HTC into an existing community-based, culturally-adapted and socially accepted institution; (b) chose to implement the intervention close to where the male partners live and congregate; (c) chose an integrated approach to education and testing that reduced the stigma associated with HIV-only testing; and (d) involved the male partners in specific activities. By implementing the program close to where male partners live, we reduced the barrier for them of having to take additional time away from work to attend antenatal care with their partners. Additionally, we gave male partners the role of presenting the baby shower gift to their pregnant partners during the baby shower. This provided a mechanism for the male partners to become actively involved in antenatal care outside of the health facility. The cultural environment in Nigeria is similar to other priority subSaharan Africa (SSA) countries which considers pregnancy to be a ''women's affair'' and discourages ''encroachment'' by men [12, 14] . However, studies have shown that the majority of women want their male partners to participate in their pregnancy [8] .
While interpreting the results of this study and contemplating its adaptation in other settings, it is important to consider the contextual factors that contributed to its success. For example, this program was successful because of the active and enthusiastic support of religious leaders and because it was conducted within an environment where religious institutions and their leaders have a strong influence in the community. For adaptation in other settings, influential leaders need to be identified and their support needs to be enlisted. Additionally, HBI was successful because HIV prevention fell within the cultural and spiritual values of religious leaders in Southeastern Nigeria. For example, many churches in Nigeria provide HIV counseling as part of pre-marital counseling of couples; some require mandatory proof of HIV testing as a condition for marriage [48] . For adaption of HBI in other geographic locations (i.e. mosques in northern Nigeria or Hindu temples in India), it must first be established that HIV prevention fits within the cultural and spiritual values of the influential leaders [49] . In Southeastern Nigeria, we identified churches as a place where people 'congregate'. The place of 'congregation' will 
Conclusion
This culturally adapted, family-centered, congregationbased intervention was effective in increasing HIV testing among male partners of pregnant women in Southeastern Nigeria. HBI or similar culturally appropriate platforms can be utilized to implement other health interventions designed for both communicable and non-communicable diseases in low-income countries with similar enabling contextual factors. successful implementation of HBI. HBI implementation would not have been possible without the support and tireless effort of the priests in the participating churches. The church-based Volunteer Health Advisors took ownership of the program and made the process of recruitment and implementation smooth for our study team and participants. This study would have been impossible to conduct without the support of PeTR-GS (our PEPFAR-supported partner) staff and volunteers. Alexander Lyubechansky provided valuable assistance with literature review. 
